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Objectives: As most reports on the gamma knife have related only to short or mid-term results, we decided
to evaluate the effectiveness and toxicity of radiosurgical treatment for benign skull base meningiomas in
200 patients with a follow up of 5-12 years to define the role of gamma knife radiosurgery (GKRS) for
basal meningiomas and to provide further data for comparison with other treatment options.

Methods: In total, 99 patients were treated with a combination of microsurgical resection and GKRS. In
101 patients, GKRS was performed as the sole treatment option. Tumour volumes ranged from 0.38 to
89.8 cm® (median 6.5 cm®), and doses of 7-25 Gy (median 12 Gy) were given to the tumour borders at
covering isodose volume curves (range 20-80%, median 45%).

Results: The actuarial progression free survival rate was 98.5% at 5 years and 97.2% at 10 years. Passing
radiation induced oedema occurred in two patients (1%). The neurological status improved in 83 cases
(41.5%), remained unaltered in 108 (54%), and deteriorated in 9 (4.5%). Worsening was transient in
seven patients (3.5%) and unrelated to tumour or treatment in one (0.5%). Repeated microsurgical
resection was performed in five patients following GKRS (2.5%).

Conclusions: GKRS has proved to be an effective alternative to microsurgical resection, radiotherapy, and
Linac based radiosurgery for adjunctive and primary treatment of selected patients with basal
meningiomas. Because of the excellent long term tumour control rate and low morbidity associated with
GKRS, this treatment option should be used more frequently in the therapeutic management of benign skull
base meningiomas.

improved microsurgical techniques, interdisciplinary
skull base teamwork, and developments in anaesthesia
and postoperative intensive care have expanded the scope
and safety of the surgical treatment of basal meningiomas.'
However, microsurgical resection of these tumours is
frequently associated with considerable aggravation or new
onset of neurological impairment,'* and meningioma
recurrences are observed even when complete removal has
been accomplished.' **° '* > Therefore, surgery alone cannot
be the ideal solution to treat all skull base meningiomas, and
less invasive therapeutic options have to be considered not
only as adjunctive but as alternative primary treat-
mentz 6 10 14-20
The promising results following gamma knife radiosurgery
(GKRS) for skull base meningiomas in earlier reports'” '¢ 2>
have to be interpreted with caution because most centres
have related their early experience to short or mid term
observation periods. The purpose of this clinical study was to
analyse retrospectively the toxicity and effectiveness of
radiosurgical treatment in our patients with basal meningio-
mas with a follow up of 5-12 years to allow comparison with
the risk—benefit ratio of other therapeutic methods.

ﬁ dvances in diagnostic and interventional radiology,

PATIENTS AND METHODS

From April 1992 to June 1999, 237 patients with benign skull
base meningiomas were treated with GKRS at our depart-
ment. Five patients died of causes unrelated to GKRS or basal
meningioma before the observation time reached 5 years,
and 32 patients were lost to follow up. The remaining 200
patients were included in this study. None had received
external beam radiotherapy in the past. The median age of
the 40 men and 160 women was 57 years (range 10-81). The
locations of the skull base meningiomas are listed in table 1.

Table 1 Distribution of tumour location in 200
patients with skull base meningiomas
No. of

Location tumours
Cavernous sinus 69
Petroclival 44
Sphenoid wing 32
Cerebellopontine angle 21
Frontobasis 13
Orbita 10
Craniocervical 7
Sella 4
Total 200

In total, 99 patients, who had undergone between one and
four microsurgical resections, received additional GKRS 0.2—
195.1 months after their last craniotomy (median
3.1 months) to prevent a progressive growth of recurrent or
residual basal meningiomas. All of these tumours were
specified as grade 1 meningiomas according to the World
Health Ornganization tumour classification.” In total, 101
patients with typical findings on computerised tomography
(CT) and/or magnetic resonance imaging (MRI) received
GKRS as primary therapy because of medical infirmity,
advanced age, or refusal of open surgery. None of the patients
with primary GKRS suffered from increasing neurological
deficit, especially progressive vision loss due to chiasmatic or
optic nerve compression, as this is a clear indication for
Abbreviations: CND, cranial nerve deficit; CT, computed tomography;

GKRS, gamma knife radiosurgery; MRI, magnetic resonance imaging;
PIV, prescription isodose volume
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Table 2 Distribution of pre- and postradiosurgical CNDs
and neurological disorders in 200 patients with skull base
meningiomas
No. of patients
After GKRS
Cranial nerve deficit Before
(CND)/clinical symptom  GKRS  Improved Stable Deteriorated
Hyp/anosmia 5 = 5 -
Visual field defect 63 18 43 2 (1 transient)
Oculomotor nerve palsy 39 21 17 1 (transient)
Trochlear nerve palsy 9 3 6 =
Trigeminal sensory loss 18 8 10 -
Trigeminal neuralgia 23 16 7 2* (transient)
Abducent nerve palsy 23 12 11 =
Facial nerve palsy 13 6 7 =
Hearing loss 20 1 19 =
Tinnitus 7 = 7 -
Deglutition difficulty 6 = 6 -
Accessory nerve palsy 8] = 3 -
Tongue weakness 4 1 3 =
Hemiparesis 1 5 6 2
(1* unrelated,
1 transient)
Ataxia 9 5] 4 -
Vertigo 25 8 17 -
Cephalea 28 5 12 1 (transient)
Seizure activity 7 2 4 1 (transient)
Exophthalmos 15 8 7 =
*Appearance of new deficit following GKRS.

surgical resection of skull base meningiomas. The distribu-
tion of presenting clinical symptoms and signs at the time of
GKRS is summarised in table 2.

A Leksell gamma knife model B was used for radiosurgical
treatment. Except for a 10 year old patient who was treated
under general anaesthesia (fig 1), the fitting of the
stereotactic frame was performed under local anaesthesia.
Tumour localisation was based on high resolution contrast
enhanced CT or gadolinium enhanced MRI. Before and after
GKRS, calibre measurements were made in three separate
dimensions and tumour progression or involution was
defined as a change of +2 mm. Volumetry was calculated
at the time of GKRS but was not available for all cases in the
follow up because several imaging studies were conducted by
peripheral radiologists. Tumour volumes varied between 0.38
and 89.9 cm’ (median 6.5). Owing to large tumour volumes
(19-89.8 cm’), we performed two stage radiosurgical treat-
ment in seven patients and three stage GKRS in another to
avoid adverse radiation related tissue effects.

Except for one patient who, for personal reasons, under-
went the third radiosurgical partial volume treatment after
83.8 months, the intervals between gamma knife procedures
ranged from 4.6 to 6.2 months (median 6). Treatment
planning was performed using the Kula or GammaPlan
software. Dose selection, guided by dose-volume analysis of
prior radiosurgical series'” ** and our previous experi-
ence,” 7 183932 were tailored to each case on the basis of
tumour volume, specific location, and the projected radio-
biological risk of adjacent neural structures. Apart from three
patients who were treated very early in this series with
marginal doses of 7, 8, and 25 Gy respectively, doses of 10—
20 Gy (median 12) were delivered to the tumour borders,
while the centres of the meningiomas received 15 -56.7 Gy
(median 26.7). Between 1 and 21 isocentres (median 6) were
required to treat the mostly irregularly shaped meningiomas.
The low doses were applied because of large tumour volume,
and situation in the posterior fossa, to avoid radiation
damage of the brain stem and cranial nerves. We retro-
spectively evaluated the conformity index according to the
scoring ratio proposed by Paddick,” which measures how
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well the created radiation field conforms to the size and
shape of the target and attests that an undertreatment is as
bad as an overtreatment. The theoretically perfect score of
1.00 lowers the smaller conformity the plan offers. Since
October 2000, we have routinely applied the conformity
index:

. TVery _ TVpry TVpry?
Conformity Index = X =
vV PIV TV x PIV

where TV =target volume, PIV = prescription isodose
volume, and TVPIV = prescription target volume.

All patients were discharged within 24 hours following
GKRS and were able to resume their preradiosurgical
functional level within 3 to 5 days. Postradiosurgical imaging
and clinical controls were conducted after 6 months,
12 months, and then once a year for the first 5 years, and
if the tumour showed no growth, follow up was performed
biennially thereafter. Tumour progression was defined as
radiologically proven enlargement or need for additional
surgical resection because of neurological deterioration
despite an unchanged tumour volume. Rates of total tumour
control were generated, and actuarial tumour control rates
were calculated by the Kaplan-Meier method.*

RESULTS

Radiological changes

During the observation period of 5-12 years (median 7.9),
the tumour volume remained stable in 83 patients (41.5%)
and decreased in 113 (56.5%). Tumour enlargement was
observed in four patients (2%), 17, 25, 74, and 77 months,
respectively, after combined surgical and radiosurgical treat-
ment. In 39 patients (19.5%), reduced central contrast
enhancement indicating marked tumour necrosis was
demonstrated in the follow up studies. Temporarily increased
peritumoural oedema, detected 3.6 and 6 months following
secondary GKRS in two patients (1%) with extensive
meningiomas mostly located in the region of the cavernous
sinus completely subsided after oral administration of
dexamethasone.

Clinical outcome

The neurological examinations revealed stable clinical status
in 108 patients (54%) and improved neurological disorders in
83 cases (41.5%). Of the patients with clinical amelioration,
21 (10.5%) showed complete relief of neurological impair-
ment, while transient (seven patients) or permanent (two
cases) clinical deterioration was found in nine cases (4.5%)

(A) T1 weighted, gadolinium enhanced, cranial MRI (coronal
view) at the time of radiosurgery showing the size of residual left sided
parasellar meningioma in a 10 year old patient 0.3 months after partial
resection. The tumour volume of 3.9 cm® received 20 Gy at the covering
40% isodose line. (B) Latest follow up scan conducted 128 months after
GKRS demonstrating the reduced meningioma size.

Figure 1
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However, the permanent clinical worsening (new ipsilateral
hemiparesis at 24 months following primary GKRS of a
cavernous sinus meningioma) was not related to GKRS or
tumour, but caused by stroke in a 68 year old patient. The
distribution of preradiosurgical and postradiosurgical cranial
nerve deficits and neurological disorders are listed in table 2.

Salvage surgical procedures

Five patients required repeated microsurgical resection after
GKRS. In three patients, further debulking of the menin-
gioma was necessary due to radiologically proven enlarge-
ment combined  with  neurological deterioration.
Postoperatively, the impaired vision and oculomotor nerve
dysfunction returned to normal in two patients respectively
and the temporarily worsened hemiparesis in the third
patient improved. Another patient with unaltered excellent
clinical status underwent a second (conventional) surgery
because the follow up scans displayed tumour progression.
The remaining patient, harbouring a partially resected
cavernous sinus meningioma with neuroradiologically
unchanged extension, experienced progressive deterioration
of a pre-existing visual field defect 5.5 months after radio-
surgical treatment. The patient underwent microsurgical
reoperation with further decompression of the optic chiasm
and the optic nerve, but vision did not return to the same
level as prior to GKRS.

Complications following GKRS

Five patients developed treatment related complications
following GKRS, accounting for a complication rate of 2.5%
(2% transient and 0.5% permanent complications). Increased
seizure activity and aggravation of headache subsided
completely in the two patients with temporarily increased
peritumoural oedema. Two patients complained of new
appearance of trigeminal neuralgia 12 and 16 months after
secondary GKRS, respectively. No evidence of tumour
progression was found on the imaging controls, and during
the course of the following months, the trigeminal neuralgia
resolved in both patients. The permanent visual deterioration
in the patient with unchanged tumour volume that did not
resolve after repeated microsurgery was considered as radio-
surgically induced damage of the optic apparatus.

Impact of conformity index on tumour control and
complications
We found 50 patients to have values below 0.7, 107 with
scores between 0.7 and 0.9, 35 between 0.9 and 0.95, and 9
>0.95. Of the four patients with tumour progression after
GKRS, only one patient with a conformity index of 0.62 and
treatment involvement of 85% of the meningioma had
obviously received suboptimal treatment. In the remaining
three patients, with scores of 0.83, 0.85, and 0.89, progressive
tumour growth was not caused by inadequate conformity.
The low index of 0.66 in our patient with permanent visual
disturbance but radiologically stable tumour volume was
caused by the attempt to shift the radiation dose away from
the optic apparatus. The good conformity indices of 0.79 and
0.8 with the tumours totally covered by the prescription
isodose volume do not explain the development of tempora-
rily increased peritumoural oedema in two patients. The
scores of 0.46 and 0.68 indicate undertreatment, but do not
explain the occurrence of transient trigeminal neuralgia in
two patients, as the radiosensitive structures of the cavernous
sinus and the posterior fossa were deliberately excluded from
radiosurgical treatment.

Actuarial control rates
Two patients with radiologically decreased tumour volume
and improved neurological status died at 96 and 71 months
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Fngure 2 Kaplan-Meier* curve showing progression free survival rates
after gamma 'lznife radiosurgery (GKRS) of benign skull base
meningiomas in 200 patients.

following GKRS, due to unrelated intercurrent disease
(lymphoblastic cancer and pneumonia), aged 72 and
82 years, respectively. Applying Kaplan-Meier method,*
progression free survival rate was 98.5% at 5 years’ and
97.2% at 10 years’ follow-up (fig 2).

DISCUSSION

The aim of microsurgery, which is considered the treatment
of choice for skull base meningiomas, is complete excision
with minimal morbidity and mortality." * ¢ " ' **** In more
recent series, total removal of basal meningiomas was
achieved in 60-87.5% of the patients. Between 30% and
56% of the patients suffered postoperative complica-
tions,” * * *” but many authors mentioned only the percentage
for specific complications and did not detail the absolute
complication rate.? >* '*'* The most common surgical seque-
lae were new or deteriorated pre-existing cranial nerve deficit
(CND), occurring temporarily in 20-44% and permanently in
16-56% of the patients. The postoperative mortality rate
ranges from 0% to 9% (median 3.6%)."""* ** The variation of
total recurrence rates among the surgical series (from 0% to
17%, median 6.7%) is seemingly caused by the range of the
follow up periods.'”"* Furthermore, the recurrence/progres-
sion rates increase with the duration of follow up, and also
seem to be influenced by tumour site and specific histo-
pathological factors.” ®" **** Application of more sophisti-
cated analysis, eventually including life table or Kaplan-
Meier* studies, proved that the long term recurrence rates of
microsurgically treated meningiomas are often underesti-
mated. The risk of meningioma recurrence following total
removal ranges from 3.5% to 19% at 5 years, whereas the
5 year progression rate of partially resected meningiomas
varies between 25% and 60%.” ** ** ** > At 10 years, recurrence
free rates range from 10% to 33% following radical resection,
while tumour progression counts for 55-75% after partial
meningioma removal.” > **

As microsurgery alone still leaves us with a substantial
recurrence or residual rate, considerable morbidity, and
occasional mortality, less invasive alternative strategies have
to be considered for the therapeutic management of basal
meningiomas.> * ¢ '* '* 120242 I elderly or medically infirm
patients particularly, it must be considered whether the
meningioma will be likely to cause serious problems in the
natural course of the remaining years and if the risks of
surgery will exceed the potential benefits offered.

Conventional radiation therapy for the management of
recurrent, partially removed, or unresectable benign menin-
giomas seems to prevent or delay progressive tumour growth
with local control rates of 76-92% at 5 years and 77-82% at
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Table 3 Summary of Linac based radiosurgical series for meningioma treatment
Marginal Tumour
No. of Follow up, Tumour volume (cm?), dose (Gy), control  Comp
Author patients  range (median) range (median) range (median) rate (%) (%)
Engenhart® 17 1 to 60 (40) N/A N/A 94 53
Chang* 55 17 to 81 (48.8)  0.4510 27.65(7.33) 1210 25(18.3) 98 24
Villavicencio™ 56 6 to 66 (26) N/A 1210 18.5(15) 95 9
N/A, data not available in the publication. Comp, complications.
10 years.” ** *** Complications following irradiation devel- result of tumour compression and cannot be considered a

oped in 3.6-19% of the cases.” “** One series reported that
9.4% of the patients with benign menigiomas died due to
uncontrolled tumour growth following radiotherapy.*

Comparisons, especially with Linac accelerator based
series, are of interest (table 3), but it is difficult to compare
among series with missing variables (such as tumour volume
and marginal dose).” **

Clinically, 64.7-91% of the patients remained unchanged
or experienced improvement of neurological disorders.
Permanent or transient CND were found in 3.6-22% of cases,
parenchymal radiation necrosis developed in 3.6-11.8%, and
radiation induced oedema in 3.6-23.5%.”* Engenhart et al
observed treatment related mortality in one patient (5.9%) of
their series.*

Within the past few years, GKRS has begun to play an
increasingly important role as a non-invasive alternative
therapeutic modality for patients with skull base meningio-
mas."” '¥2°2'2* % The aim of GKRS is to achieve long term
tumour control with maintenance of the patient’s clinical
status and prevention of new treatment related morbid-
ity."* '© 2% Excellent results were related in the early to
interim gamma knife series (table 4), but the follow up
intervals of these reports are too short to ensure that the
biological behaviour of basal meningiomas has been
altered.' ' '* *** Only very limited data concerning the long
term effectiveness in the use of GKRS for meningiomas are
available.” '**" In our current series with 5-12 years’ follow
up, local control of skull base meningiomas could be obtained
in 97.5%. The 5 year and 10 year progression free survival
rates of 98.5% and 97.2%, respectively, compare favourably
with the results of other treatment methods. Most of the
patients (95.5%) had ameliorated or stable neurological
status. Permanent clinical worsening was caused by unre-
lated intercurrent disease (stroke) in one patient. Transient
deterioration in three patients with tumour progression was a

radiation induced complication. The permanently deterio-
rated vision in one patient, the temporary appearance of a
trigeminal neuralgia in two patients, and the passing
worsening in two patients with presence of transient
radiation induced oedema were the only treatment related
complications following GKRS, accounting for a complication
rate of 2.5% (2% transient and 0.5% permanent complica-
tions). Similar results were reported by Kondziolka ef a/'* and
Kobayashi ef al.*’ In all of the series, no death resulted from
the radiosurgical treatment of basal meningiomas with
GKRS. Only one early report* described neuroradiological
changes in one of 50 patients (2%) that could be attributed to
radionecrosis of brain parenchyma.

Concerning the role of GKRS for primary treatment, an
open microsurgical approach is recommended to establish
tissue diagnosis if the findings on preradiosurgical MRI/CT
scans do not clearly display the typical radiological features of
benign meningioma, so that the possibility of other lesions
can be ruled out.”

Comparison of the radiosurgical series of basal meningio-
mas shows a trend towards lower treatment doses over the
years associated with unchanged excellent tumour control
rates but reduced incidence of radiation induced adverse side
effects.'” 182022 24 3t 085032 Cyrrently, we advocate that
benign meningiomas should be treated with margin doses
of 12 Gy, but the radiosensitivity of juxtaposed cranial nerves
or the brainstem sometimes necessitates an application of
lower doses to the small portion of the meningioma borders
directly in contact with the structures at risk. The anterior
visual pathways seem to be less radio-resistant than the other
cranial nerves. Although no clear threshold doses have been
found for the optic nerve, chiasm, and tract™ > we keep
maximum irradiation exposure of these structures below
10 Gy. Nevertheless, one patient of our current series
experienced permanent deterioration of vision without

Table 4 Summary of GKRS based series for meningioma treatment
Tumour Marginal Tumour
No. of Follow up, volume (em?), dose (Gy), control Comp
Author patients  range (median) range (median) range (median) rate (%) (%)
Kondziolka® 50 6 to 34 (N/A) N/A 10 to 25(16.7) 96 6
Duma®' 34 6 to 54 (26) 0.51t0 20.4 10 to 20 (16) 100 20
(5.17)
Ganz” 20 12 to 27 (N/A) N/A 5.1t028.5(N/A) 80 0
Nikolato®® 50 410 31 (14) 0.61020(8.6) 101028 (18) 98 6
Liscak™ 58] 2 to 60 (19) 0.91031.4(7.8) 1010 14(12) 100 18
Iwai® 24 61036 (17.1) 0.11028.6(11) 8to15(10.6) 100 4
Morita™ 88 12 to 83 (35) N/A (10) 12 10 20 (16) 98 14.8
Nakaya 1 211057 (357) 1.610289(7.1) 991010 (10) 100 9
Kondziolka'® 99 60to 120 (N/A) 0.24t0 24 (4.7) 910 25(16) 93 13
Aichholzer® 46 361076 (48)  N/A 910 25 (15.9) 975 43
Pendl® 164 25 to 97 (55) 0.51089.9(8.3) 710 25(12) 98 1.8
Kobayashi®” 54 60 to 108 (84) N/A N/A (14.5) 89 5.5(?)
Eustacchio' 121 60to 117 (82) 0.51089.9(6.8) 71025(13) 98.3 33
Current study 200 60 to 144 (95) 0.38 to 89.9 7 to 25 (12) 97.5 2.5
(6.5)
N/A, data not available in the publication. Comp, complications.
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tumour progression, although all parts of the optic pathways
received less than 10 Gy. The encouraging preliminary results
after fractionated stereotactic radiotherapy for lesions directly
abutting the critical structures of the optic apparatus,
combining the advantages of physical dose localisation of
stereotactic radiosurgery with the radiobiological benefits of
dose fractionation, require studies with longer follow up
periods to determine the value of this therapeutic approach.”
The nerves controlling the ocular muscles are presumed to
tolerate doses even beyond 20 Gy,” ' *'**° but in our
patient, passing oculomotor nerve palsy developed, although
no part of the third cranial nerve received more than 10—
20 Gy. Consistent with our experience, Morita ef a/ found one
patient to have permanent new oculomotor palsy following
application of 10 Gy to the cavernous sinus.>

Prevailing reports stated that the fifth cranial nerve seems
to tolerate doses of up to 20 Gy,” 7 ' ** *° but the new onset
of transient trigeminal neuralgia following administration of
12-17 Gy to the trigeminal nerve was observed in two
patients of our series.

Commonly, extensive intracranial lesions are considered
not suitable for GKRS, because the radiobiological tolerance
of the surrounding brain tissue for the currently prescribed
single doses sets practical maximal volume limit to around
20 cm?.'® 2* %5154 In fact, the passing peritumoural oedema,
occurring in one patient very early in our study after a
tumour volume of 23 cm® had received an edge dose of 12 Gy
at the 40% covering isodose line, seemingly resulted from
inadequate dose-volume relation. Owing to this experience,
we developed our proposed strategy of performing staged
radiosurgical treatment for larger meningiomas to maximise
potential benefits, which has been rarely described in
adequate literature.'” '* 2> **' As we obtained local tumour
control and clinical amelioration in all cases following staged
GKRS, we assume that this strategy may expand the
indication for radiosurgical treatment in benign, slowly
growing lesions with diameters larger than 3 cm.”*
However, careful analysis of the treatment parameters
(meningioma volume 7.4 cm’, margin dose 12 Gy at the
40% isodose curve) gave no explanation for the temporary
appearance of radiation induced oedema in another patient.

The application of the aforementioned conformity index
showed that tumour progression in one patient of our current
series was due to undertreatment. Further data will be
necessary to establish its final role in the treatment planning
of GKRS.

Some authors have mentioned that surgical resection
following GKRS becomes extremely difficult due to post-
irradiation changes in the tumour, such as formation of
adherent scar tissue or loss of defining arachnoidal planes of
dissection.” ** This is in contrast to our own experience in the
two patients who underwent further, conventional surgery at
our department after a combined surgical and radiosurgical
treatment. During the operation, we found highly avascular
tumour tissue, as we had expected, following endovascular
occlusion of feeding vessels without any adherence to the
juxtaposed neurovascular structures.

Aside from other considerations, appealing aspects of
GKRS are the short duration of hospitalisation (less than
48 hours) and the quick return to normal daily life activities
(3-5 days following GKRS) on the same level as prior to
radiosurgery, thus favourably contributing to the cost

effectiveness of this minimally invasive treatment
method.”" **
CONCLUSION

In our 5-12 year experience, GKRS provided an excellent
long term tumour control rate associated with maintenance
of neurological function and low treatment related morbidity
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for selected patients with benign skull base meningiomas.
The long term outcome following GKRS for skull base
meningiomas treatment favourably compares with the
results obtained by microsurgery, conventional radiotherapy,
and Linac based radiosurgery either in combination or on its
own. The apparently better results of GKRS in the treatment
for skull base meningiomas should provide the impetus for
even more aggressive application of this approach in the
management of basal meningiomas.

Nevertheless, increasing neurological deficit, especially
rapidly progressive vision loss due to chiasmatic or optic
nerve compression, is a clear indication for surgical resection.
With regard to the possibility of an additional radiosurgical
approach to residual tumours and the excellent results,
following combined microsurgical-radiosurgical treatment,
the objective of surgical treatment of basal meningiomas
should be preservation of function and of as much normal
tissue as possible, rather than radical resection. Patients
harbouring recurrences of skull base meningiomas should
receive GKRS rather than undergo repeated open resection.

In patients with advanced age, significant concomitant
medical problems, high risk tumour location or patients who
are not willing to undergo an open microsurgical procedure,
we would recommend performing GKRS as a safe and
effective alternative primary treatment modality, with close
and frequent clinical and neuroradiological follow up.
However, the long natural history of skull base meningiomas
necessitates observation periods of at least 10-20 years before
any final conclusion regarding the various treatment options
can be expected.
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